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IN'tRODT,3CTION 
of the Characeae ( Chlorophycophyta) 
has a thallus consisting of a� erect axis differentiated into nodes, 
each be,;ring a itlhorl of several cells, and internodes, each a 
single pla.'1t cell. Due to their excitable properties • single inter­
nodal cells of the Characeae have been the subject of much re-
search over the fifty years. The ability of the membrane to 
an potential suggests aspects of its membrane 
physiology similar to neurons. As a result, many of the techniques 
commonly 
this 
One of 
o1ogyin 
�vill 
of 
The 
across 
(80-90%) amone 
in neurophysiological investigations are employed in 
most thoroughly 
is 
were 
of membrane physi­
' the electrical 
and 
by 
have been the 
potential 
to the 
of the 
gradients 
to control the 
sodium, chloride 
1961; , 1961) due to their 
ions (Barr, 1965). In the simplest 
to only 
one ion and having no active trannport, the resting membrane 
potential, Em• is given by the Nernst equation: 
RT C· 
Em = -zFl� 0 
where R = universal gas constant, 1.99 cal/mole degree 
T = absolute temperature 
z = charge on the ion 
F = Faraday constant, 23,060 caJ../mole volt 
2 
Ci, C0 = concentration of the ion j_,nside and outside the membrane 
This equati.on requires that the ion be at electrochemic"l equilibrium, 
that is, net flux of the ion is zero. In a more complicated situation, 
when the membrane is pe1�eable to more than one ion, the expression be-
comes more comple� a11d a.ddi tional activity and permeability terms must 
be considered (Briggs, Hope, Robertson, 1961): 
Em = RF·T ln �PKKo + PNaNa0 + PcJ Cl0) 
(PKKi + PNa.N� + Pc1Cli) 
where P = of each ion 
Ko• Ki' etc. = internaJ. a.nd external activities of each ion. 
If the equlilbrium 
the resting membrane 
movement of this ·ian 
lihich the 
assume 
could be 
of this on 
such ionic 
the of ( 
of an ion is equal to or close to 
Em, it is possible that passive 
contrd.ling the potential due to its high 
to ions. The frequency with 
of both animal plant appro xi-
, led many to 
to be a K"" This 
the external K'� concentration. Studi.es 
and Halker, 1961) demonstrated that 
of potential is possible only in 
and • 1961; Spanswick, et. al., 1967), 
a condition under which cells survive only a few days at most. 
Under more natrual conditions, i.e. in the presence of Ca, Em is 
quite unresponsive to changes in external ionic conditions. 
The origin of the resting potential then remained an enigma 
for some time, especially since the membrane conductance 1vas 
roughly times that 't-lhich could be accounted for by the sum of 
the K, Na, and Cl fluxes (Hilliams, Johnston, and Dainty. 1964). 
Although studies involving metabolic inhibitors and light have 
suggested that K .. influx, Na+ effiu...x, and Cl- influx in a variety of 
members of the Characeae are active (Barr, 1965; Hope, et al, 1966; 
l-1acRobbie, 1966; Coster and Hope·, 196?; Findlay et aJ., 1969). This 
because the totality of fluxes 
was simply too small. In essence the problem hinged on finding the 
identity of the predominant flux or fltL�es across the membrane. It 
appeared almost incredible that H+ wotlid be involved, since an 
external solution of pH 7. 0 ,,Iould be + a poor source of H · • 
There some doubt about the reliability of membrane 
conductance measurements. 
It was at this point that Ki tasato (1968) fm.md evidence for a 
ver.J high this led him to pro-
pose an Irt extrusion pu.-rnp electrj_cally balanced by passive 
rrt influx. The of alternating acid and alkaline 
zones the length of the N. Clavata cell by Speal"" et al (1969) 
offered visual evidences support for W extrusion. If the ex.-
trusion is 
transferred, of resting potential becomes increasingly 
EH a.s the maeni tude of H+ extrusion increases. 
3 
4 
Kitasato (1968) estimated the passive � influx at 40 x lo-12 moles cm-2sec-1 
at1d this balanced almost entirely by H+ extrusion ('With a small 
passive component).. Kitasato recognized that the stability of the 
intracellular pH depends on this balance, and this, in fact, was the 
actual basis for his proposal of the J:I+ pu.'Tlp. 
The relationship of light to maintenance of the membrane 
potential has been investi�ated with conflicting results (Table 1); 
no doubt this is partly due to the variety of experimental conditions 
utilized. Nishizaki (1968) found that during light-dark transitions, 
the time course of Em ca11not be explained by changes in 
permeability alone. This & along 'td th loss of selectivity to K Na 
this 
Spear, (1969) 
requires 
Another 
on Cl .. 
eliminated as an 
that light-induced change in Em 
some products of carbon fL�ation. The effects 
are interesting in that 
visibly detectable H+ extrusion 
relationship that ·between Cl"'infiux and 
a1 (1969) found 
of the cell . Although 
of Cl.influx on H""extrusion, Pitman1s (1970) 
H•extrusion is not dependent 
c1· movement can tentatively be 
factor in H+ extrusion; consistnn:d:. with 
of Cl"' in.fl ux. 
1 s (1965) model for an I-f' extrusion pump in .;;.;.;:;;..:::.:::...;;:;...;;;.,.�.;;..;;;,.;.....;;.; may 
{ 
adapted) 
Char a 
(24 hr. 
dark) 
Char a 
dark) 
adaoted) 
Char a 
cor all ina 
adapted?) 
SOLUTION 
rrJ{ 
0.5 KCl 
0 .. 5 CaClz 
0 .. 2 NaCl 
0 .. 5 
0.5 
0.2 
0. 1 KCl 
o . .s 
0.5 NaHCOJ 
0.1 cac12 
0 .. 05 
0.2 
0.4 
0 .. 1 
0.1 
salle as 
2.0 NaCl 
0.2 KCl 
0.0.5 CaCl2 
LIGHT, lux 
(source) 
) 
l+OOO 
(incandes .. ) 
1 
(nd.croscope 
a."""ld room 
light) 
7000 
(incandes.) 
2400 
(incandes.) 
not given 
TABLE 1 
EFFECT OF-LIGHT 
on • in mV 
HYPER POL. 
_ dark 
-13.5 light 
HYPER POL. 
-165 
-21.5 light 
h'YPEiqPQL. 
-175 dark 
-205 light 
HYPEHPOL. 
-260 
-305 light 
HYPERPOL. 
-137 light 
-130 
PERHA"�ENT 
Em cht1J.'1ge 1 
(auration) 
No 
(70 min.) 
No 
(20 min.) 
No 
(20 min.) 
cf. Smith 
(1968) 
No 
(30 min.) 
No 
(8 min . ) 
No 
(120 min.) 
Ol'HER 
C<l·�.fENTS 
REFERENCE 
:Hembrane resis- Nishizaki 
tance in light (1968) 
much reduced 
cf. Hope (1965) Nishlzaki 
(1968) 
Membra�e resis- ijope {1965) 
tance much re-
duced in light 
Follo�-Ts trans- Nishizaki 
ient depol. (196J) 
pH probably 
above 8 
pH probably 
above 8 
Nishizaki 
(1963) 
S04 substituted Findlay, et 
for Cl - same al (1969) 
results. Resis-
tance oscillatory 
\..n 
0 .. 1 KCl 
(1 hr. dark) 
Nitella 0.1 KCl 
same as 0.1 NaCl 
0.9 KCl 
flexilis 0.8 KNOJ 
(not given) o.o9 NaHzP04 
1. 4 NaZSOJi-
1.2 Ca N03)2 
).0 � � -
-
m 
Nitella 1.0 KCl 
translucens 0.1 NaCl 
adapted) 
0.1 cae12 
not given 
2000 
(inca.'"1des) 
2000 
(incandes.) 
same as 
above 
L�oooo 
(incandes.) 
17.6 
(676 nm.) 
10.5 
If:. 6 ) \v? nm. 
":l •..J 
(676 run.) 
1, continued 
HYPERPOL. 
- 90 
-150 ..i.kf;U\.? 
DEPOL. 
-158 dark 
�135 light 
HYPERPOL. 
-14) 
-171 light 
HYPER POL 
-14o dark 
-20) light 
HYPERPOL. 
-100 dark 
:...138 light 
HYPERPOL. 
-140 d, -150 1 
-130 d, -13.5 1 
-148 d, -161 1 
1 
(10-20 min. 
pH probably 
trials) 
above 8 
? 
(12 min• 
trial) 
Yes 
(24 Hrs.) 
Yes 
(24 hrs.) 
No 
(85 min.) pH probably 
below 5 
Variety o£ 
No wavelengths (30-60 rnin) and efficiency 
of' response 
same 
same 
Metlicka and 
Rybova 
(1967) 
Adrianov, et 
al, (1965) 
Nagai and 
Tazawa 
(1962) 
Nagai and 
Tazawa 
(1962) 
Volkov 
(1964) 
Vredenberg 
(1969) 
Q\, 
IN 
7 
Ri = ionic resistance 
Rx = metabolic resistance 
Ei = ionic emf 
Ex = metabolic e�£ 
from Sl�Jma.."J., 1965 
Figure 1 
applied to Nitella. in _discussing H movements across the membrane. 
(Figure 1) if we consider ionic and active emf's 
to be requires that Ri behave 
like 'the across a K,. specific membra.D.e in order 
the a slope 
slope. The of Ca discussed 
potential 
would be . f c... . 1 1.. a s1.mp ..... y 
0 1 mM 
we can consider '\vhat might 
i.n certain It con-
cell in a high Ca solution so that Ri is 
Therefore, the potential He 
are activity of the • and 
it i.n potential. 
8 
Spear, et al (1969) have demonstrated that visibily'detectable 
H extrusion requires light. Thus, factors affecting the H•pump 
could be those affecting photosynthesis: photosynthetic efficiency 
of the cell, light intensity incident on the cell, and availability 
of COz. If the intrinsic pump is strong a'1d all factors are at 
high levels, -v;e ma,sr expect a high Em. In situations "t.zhere one of 
the factors affecting the pump is limiting, vie might expect a 
potential equivalent to EH beca-use of a non-functioning 
pump. At levels these two extremes, any combination of 
factors might provide a complete spectrum of membrane potentials. 
In yet 
haps by the 
et al (1969), 
back 
c?..se, if H•extrusicm can be enhanced by light, per­
., ...... ., .... ... , .... of a redox , as by Spear. 
in Em if an increase mem-
ions to flow more easily 
be, in that the 
measw:"'e:ments do not into 
the high I-rt" This is by 
Kitasato1s 
fo:r 
a twofold 
up 
a fivefold "1""''"'"""'"'"'C:�"'> in perrner�ili ty 
in If+, • . the effect is 
to Sl80rrnan 1 s model, 
in 
in �il 
half add 
Thus, a 
lack of '�"'�'::!""'"''"" light does not mea.11 that changes in 
a.re occuring. 
The object of this study is to further test the Ki tasato 
of H+ extrusion by H+ inf2u.".C. 
measure net If indirectly by means of 
titration and pH -measurements of the bathing mediwn. Evaluation 
of Ex• the intrinsic EHF of the H+ pu..'11tp, will be attempted by re­
ducing the return W current to a low value tMough use of a high 
c�·medium. 
9 
10 
HATERIALS 
Nitella C1avn:ta was cultured a.s previously discribed by Spea-r, 
et al (1969). The composition of the nutrient solution is given in 
Table 2. The culture vessels were illu'ninated 16 hours by Sylvania 
Gro-lux and cool white nourescent lamps alternating with 8 hours of 
darkness. 
Internodal cells, usually the second to the fifth from the 
gro't:rl.ng tip, �iere separated from the intact pla.Ylt by cutting aucy. 
the neighboring and nodal cells at both ends. The cells ranged 
from 2 to .5 em. in lenb.rth. After harvesting, the ce]J.s were pre-
conditioned in medi tnn, Kb (in mN, 1. 0 KCl, 0.  1 KHco3, 
0.1 NaCl, o.1 CaClz, and 0.1 HgClz). Cells were kept in glass 
(cell 
30 in 1.0 
an incubator 
J.O mN 
1.0 HgCl2 
0.2 KCl 
2.0 
0.2 
o. 
1 
6.0 
22-2J°C and approximately .50 foot-
light. Length of preconditioning 
0 to 35 
TABLE 2 
50 g. Brockport bro11m soil boiled 
tetra.:'tCetate pH 8.0. 
·METHODS 
In order to apparent H+ movement in Nitella, nine 
cells were placed in 5 ml. K solution (in millimoles, 1.0 KCl, 
o.t NaCl, 0.1 CaClz, 0.1 MgClz), pH 4.7, at room temperature and 
in flourescent ro<Om light. The pH change of bathing solution 
was every 5 to 30 • then every 10 minutes 
to 60 minutes. ¥ore:re taken at 2 and 3 hours. 
a cf K solution no cells was at the same 
in pH due to the solution itself. 
After the ini.tiaJ for H+ extrusion by 
placing them in phenol red (Spear, et 1969) before beginning 
Only those cells ,which developed well defined 
areas v:ere chosen. The experiment was repeated 
these cells in light again in dark eliminate the 
11 
of All were observed in phenol 
red 
cell 
until 
lated '-"""-'L-ie ..... 
J2!i ..........;.,.;,.......;;.,;...;;..,.;_;:_,.;. 
At ten minute 
assure 
with the 
were 
In order to 
were 
the effects of the 
""'"".J!, ...... .. were dried 
intact cell 
on the iso-
for an hour in K solution, pH 4. ) .. 
volume of was replac·ed 
of the low pH. After the initial acid 
were in K solution, pH 6. 0 for 2 
volume of 10 minute 
intervals. This ·low pH procedure was developed to eliminate any 
immediate buffering effect of the wall. The cell was then placed 
in pH 6. 0 to bring it back to a more "normal" state. At the end 
12 
of this period, the cells were washed w:ftn pH 4. 5 K and placed in a 
plexiglass partitioned trough in 3 ml. K solution, pH 4.5. The 
solution in the trough could circulate free� between the two 
compartments. At 10 minute intervals the pH was measured. Due to 
the partition, the trough could be tilted and electrodes inserted 
in the compartment for the pH readings, thus avoi.ding 
of or damage to the cells. A control K solution, pH 4. 5, 
.5m.H H2S01,t · 
were 
was in 
At 
collected and 
The 
to an 
Both 
at the same time intervals. After 
pH �vas adjusted back to the initial value Hith 
quantity of acid was. 
At 1 hour Cl 
bathing medium with an· Orion Ionalyzer halide 
of v¥as 
with Ag/AgCl 
12)0A 
The 
fiber in 
absorption 
and an 
was 
to leaking �from affecting the cell. 
was a glass microca.pillar..{ type pulled 
of 5-10 (Narashige PN-3 glass m:icroelectrode 
and measurin� electrodes were filled with 
13 
artificial cell sap, ACS ( in mM, 8 0  KCl, 20 NaCl, 5 CaClz) chosen to 
stimulate the vacuolar sap composition in order to reduce diffusion 
potentials which might arise at tht; tip. Electrode potentials 
were measured with the tip of the measuring electrode in a reservoir 
filled with ACS. Only those microelectrodes having potentials 
less than 35 mV were used. Electrode potentials were measured be-
fore a.YJ.d after every experiment. 
DUring experimentation, the interno.1a1 ceLl was held in a 
plexiglass trough. Experimental solutions were delivered to the 
trough through polyethylene tubing from a reservoir at a regualted 
rate. Drip were standard; a fast rate of 20 drops/min., 
moderate of 8 drops/rr.in. , rate of 2 drops/min. - A 
the trough to aid 
and '\vas removed for the remainder 
of the The tip of the measuring electrode· was inserted 
well into of the cell, thu.s the is 
not potential 
across and in series. 
as II 
are a measure the vacuole and 
After insertion of the 
of the potential varies on the 
to the 
sources.. Light intensity ranged from 100-200 foot-
of the solutions is 
14 
given in Table 3; All solutions were generally used at pH 6.9-7.1. 
Change in potential with variation in external bathing solution and 
light intensity was measured. 
TABLE ) 
CONPOSITION OF EXPERll1ENTAL SOLUTIONS (mM) 
Solution 
C�""-:.;'"'"1e"'t Kb Ca C,q-N:) 
pH 6 0 7·05 7.0 7-0 7.0 ?.0 � � l 
KCl 1.0 0 .?5 2.0 
NaCl 0.1. 0.15 2.0 
cac12 0.1 0 .1.5 5.0 4.0 4.0 4.0 
HgC1z 0.1. 0.15 2.0 
KHC03 0.1 0.1 
K1 • 6H1• Lt.PO;,t 0.) 
RESULTS 
.Eli Exner:Lments 
Figure 2 shows the time course of the rise in pH of the 
bathing brought about by the cells placed in a low pH 
solution. This is consistent with Kitasato1s hypothesis which 
predicts a W influx under these conditions. The i.ni tial 
15 
net nux values for the trials A and B are L�.Q and 47 pmoles/ cm2sec. 
In trial A, unscreened \'!ells were used and the rise in pH 1<1as 
observed. In relating results to the visible H+ extrusion, 
cells of group B were screened for visual evidence of � extrusion 
pn(::ncu .. red as described by Spear, et al (1969). Only 
cells having 
cells, vrhen 
defined acid and regions were used. These 
same 
conclusion of 
in the red 
A gro·up 
in K 
cu.rve B. 
The data 
functional H+ 
a low 
t 1969)' 
the same treatment as the cells above, 
course of pH (Figure 2, curve B) • 
eAperiment, the cells were again placed 
At. 30 minutes all cells shoHed 
than 50% any at all. 
to the 
same manner, but 
c the result of 
course of change very 
procedures seems to indicate a non­
-''"'"''"' ... �;;,.1 .. ..!. . .... . ,,. '\'I hen the cells are placed in 
does not occur in the dark, 
observation of a similar ti.me course 
7·0 
6.0 
pH 
5-0 
4.0 
0 
(A) 
(B) 
(C) 
(D) 
(minutes) 
16 
A 
B 
c 
I. A D 
SOLUTION, 10\'J pH 
5 K+ solu­
Initial 
�n the dark would also indicate a non-f��ctional mechanism for 
extrusion. In order to be certain of the situation, it is 
of the cell 1.vall (Dainty, Hope, and Denby, 1960) on pH change 
observed. Dried ��d isolated cell walls were subjected to the 
low pH medi urn 1.vi th no cha.Ylge in pH over the same period of time. 
Thus, the effect of cell wall can be eliminated in assesing 
H+ innux in these experiments. 
Where pH 
over a of , titratton 
assess long term effects 
yielded data for a range of pH 
1-1ere designed to 
loi<'� pH. At timed inte:rva�s, 
17 
the pH was adjustecl so that for the four hours duration of experi-
pH Has 4. 7. Figure 3 
course of H+ net 
were 4.5 K for 1 hour, 
to scme of the 
as <:: indicated Figure 
not seem H+ For 
were 
v.rere according 
p 
J 
= 
-where J = 
E = 
pH 
the time 
The cells 
6.0 for 2 hours 
of 
2, the cell w� 
data, and pH 
4). 
to the 
indicate 
18 
8 
0 
VET W INFLUX 
7 
CU}11JLATIVE H+ UPTftJ\E 50 
5 
C\2 
'1"'4 I 0 1� '!""'{ 
� 
.......... 
1 
0 0 1 
FIOlJRE 3. TITRA:L'ION 
.......... 
..:t 
I 
0 
4 
at 1"11D-INTERV AL 
5-5 6.0 
8 3 
......__,_ pH CHANGE � I 
......., 
8 z 
� 
� 
� 
2 
1 
6.5 ?.0 
0 �------�--------------------------�-----------r--�------�----��--
�� 
4b 0 1D 2 
TINE ) 
FIG1JRE li-. Variation in Apparent Permeability in pH Chan.ge (x) and Titration (o) Experiments 
� '.0 
.for constantly changing pH intervals. Permeabili ties frorn 
titration data indicate changing perneabilitles for the same pH 
interv·al over a period of time. Initial permeabilities for the 
two e.xperi..11ents were quite different, although of the same order 
of These two values are not strictly compa!"able be-
cause of the discrepancy in procedures of the two experiments, 
i . .  e., pretreatm-ent, nu.111ber a""ld size of cells in relation to 
volume of solt:tion, 
Along with pH 
in 
of one 
for 
n+ 
were 
this 
titration 
over a 4 hour 
, v..re may assume 
cases 1fere 
5 
light intensity. 
, Cl• K+deter.rninations were 
of the net fltl."'C deter-
Table 4. The ''""·""''""" "� 
data difficult. For 
cell arc 
to 
vtere 
yet 
pH, but 
quickly 
pH produced a rapid 
vrhich returns in time to a level 
than the 
in 
From 
pH. 
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TABLE l.f.. NET ION FLUXES IN LOH pH K SOLUTION 
Twenty Nitella cells, sur.fac� .area 10.0 cm2 
were plE!.ced. K solution, ,pH 1+. 5 - 4. 9, for 
4 hours. Results belov�T she�" net ion flru:::es 
for situations, on tvrenty living 
cells, a..'"1d "liri th .for one dead 
cell. The + influx of the ion and 
the - indicates efflux. 
Ion 
Cl 
K 
H 
* on cell 
CORRECTION FOR 
CELL*. 
+ 1·39 
+ 0.15 
+ 4 . .5 
20 LIVING 
CELLS 
- J.05 
and concentrations of 
in cell sap 
21 
. 
> s 
FIGlffiE 5· 
pH 5 
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4 
pH OF SOLUTION 
·-135 m.V 
I 
I 
t 
TABLE 5 
CHANGE IN Mill-1BRANE POTENTIAL DIFFERENCE �viTH VltRIATION IN pH 
Nurnber 
cells 
4 
2 
19 
8 
16 
3 
L...._--�-- ��----
Solution · pH 
St:y_t.t�w.;t:: ��;;;y_:..n�:u�.;' 
Kb ?.0 
II 5·.5 
II 7.0 
Kb ?.0 
II 5.0 
II 7-0 
Kb 7. 0  
!l 1�. 3 
II ?.0 
Kb ?.0 
II 9·3 
II ?.0 
Ez ?.0 II s.o 
II 7-0 
± SEH 
1.57 ± 16 
t47 ± 11 
170 ±:16 
118 ± 5 
83 :t: 1 + 122 - 3 
123 ± 6 . + 59 - 5 
1)12 ± 9 
144 ± 10 
128 ± 6 
:113 ± .5 
175 ! 5 
133 ± 8 
173 ± 6 
Kb (dark) ?.0 1.55 :t 9 
53 :t 8 ll 
II 
-----��----
4.3 
7.0 158 :t 9 
**** significant at 0. 001 le'�!el 
** significar.">"lt at 0.  01 level 
Statistieal 
% depol. significance 
6.1} ---
29.? **** 
52.1 **** 
11.1 ** 
2).6 **** 
65.8 **** 
I 
N w 
24 
Change in Em is � mV betHeen pH 6 and 7, -33 mV bet1,1een pH 5 and 6, 
and 59 mV bet�rreen pH L� a."1:i 5· If a passive ionic mover.1ent is con-
sidered, a 59 mV cha.YJ.ge is ex:pected for each tt.Yli t change in pH. 
Tf1.is data may suggest that an active H"' extrusion is at least 
partially functional above pH 5.0, but non-functional belottJ" pH 5.0. 
Potentinl Heasnrements in High Ca Solutions 
Due to the effect of calcimn on the membrane implicated by the 
model, a of e}+-eriments was carried out to deter-
mine the effect a high c�+-concentration on the mem-
brane aJ1d also of this high concentration on the infln-
ence of K, Na, resting potential. Composi-
tions of high C�solutions ar given in Table J. Consideration 
of 
(2) 
(Table 6) tmmediately 
affected by the of 
going from Kb to may be con-
of Ca on (Dainty 
...... , .......... """''"""', 1967). The failure 
the 
..... + of Ca.. The most 
Although 
shift of the 
result 
the cell at an 
cannot be 
in 
possible 
rate; 
(J) a 
Na Hg did not produce 
6. 
,UTlUN 
· St;....l,U�N 
I< 
Kb 
I• 
Ca 
Kb 
, mV 
Ca - Ca-K 
5b 
Ca - Ca-K 
Ca 
VARIATION IN NEM11R A t>JR RESTING POTENTIAL HITH V .t�qiATION IN SOLUTION CONPOSITION, pH 7. 0 
of .fferent cells .._.,..vest age up to 7 days 
� ± SEM 1 2 3 4 5 6 7 8 9 (0 ) \ (2 ) (3 ) ) (5 .D. ) (6 da.) (6 da.) (7 da.) I . 
154 146 202 11.5 123 193 183 165 169 161 :t 9 
1.56 167 193 150 213 206 222 177 181 ± 8 
127 175 136 160 138 170 14o 137 ± 10 . 
14h 1.56 181 205 11i·O 203 200 214 181 180 ± 9 
1_51-i- 178 2t0 1.55 210 198 2)0 174 186 ± 8 
143 174 213 154 --- 216 232 190 186 ± 11 
150 202 157 218 180 188 180 212 161 183 ± 8 
29 76 4() 18 tl� .53 86 52 37 44 
19 l.t-7 24 0 ./ 9 2.5 32 2) 21 24 
I 
I 
I I 
J N \.n 
26 
this effect . Sla;;:man has suggested that the resista.Ylce to , ionic 
in high C�solutions in-
dic ates that the bulk of the Em is due to an active metabolic 
component . The implication here is that the high c!�eondent�ktion 
does not alter the active W current . This is a.lso suggested by 
our results . 
Potential Heasurer1ents in Lip;ht and DD.rk 1-r.:t th POlk 
Table 7 ,_,. ,v ,  .... .. .... .... data from light-dark experiments . In Kb ,  
light t o  dark transitions produced no permanent cha.t1ges in Ezn, al-
though the cells are hyperpolarized in the transition from 
dark to light . Hean Em in Ez overall is higher .  For cells pre-
conditioned in Kb a.11d placed Ez for experimentation , transi-
tions from light to dark 
cells 
dark 
a 
on Em· 
Ez for experi-
Ez ( see 3) pro-· 
II� 
24 I 
I I  
4o I E2 { a) 
!I 
u 
27 I E2 ( b )  
II 
tl 
20 J Kb 
Ez 
Kb 
TABLE 7 
POTENTIAL HITH VAt'tiATION IN LIGHT �'!D P04 
I 
I 
I 
L 
D 
L 
1 
D 
L 
L 
D 
1 
± 
.1 2-7 ± 7 
± 8 
1 ± 7 
-
1 63 + � ... - ..) 
1Lil} ± 6 
1 70 :!: 4 
--
1 73 :!: 4 
164 ± 7 
177 ! 4 
--
D 1 0 1  ± 7 
L_U0 ± 8  
L • 1 31 ± 8 
(a) 
(b) cells 
% depol . 
I .-------. 
I 21 . 7% 
I 5 . 2% 
I 25 . 8% 
in Kb 
in Ez 
* * * *  signific a�t at 0 . 001 level 
** signific a.'1t at 0 .  01 level 
1 
I 
I 
I 
Statistic al 
signi.fice..nce 
none 
** * *  
none 
** 
N .....::1 
DISCUSSION AriD COHCLUSION 
Through the experima.nts presented here , 1-te hoped to obtain 
extrusion proposed by Kitasato ( 1 968 ) and Spe ?.r ,  et al 
28 
( 1969) . ResuJ. ts of lo·H pH e;�eriments indicate that H+ extrusion 
is probably non-fUL"1ctional belovi pH 5 .  0 ,.  This is evident from the 
59 mV 
as pH 
resu ... lts 
high pH 
mV . 
of 
+90 
He 
in 
in 
(Figttre 6 )  expected by the Nernst equa-
from 5 
-· 0 
to 1+. Therefore , 
to the 
and E ·  � ll ·  J. are 
at 
the discu.s sion of 
in • s  
pH 
permeability 
pH rela-
pH to 
the En1 
not 
_IK) mV 
cases that some cells exhibited 
extremely steady � '\-Thich was not affected by any of a number of 
experiment�. factors , including changes in light intensity and 
bathing medium composition . These cells had either a very low 
± + Em• -50 10 mV ,  or a very high Em ' -200 - 1 0  mV .  In the course 
of our experimentation , these cells were noted in our records , but 
no further investigation t-Tas made . Several investigators have 
29 
of discrete physiological states of the membrane 
(Oda, 1 962 ; Findlay, al, 1969 ) . Oda ( 1 962 ) has described a 
polarized or non-ionic equilibrium state in K-poor medi�� and a 
depolarized or ionic in K-rich medium. Although o ur  results 
are too fragmentary to contribute to the elaboration of this 
another 
we 
indication is that triggering from one state to 
a definite possibility. 
fluxes of H at lovr pH ,  the 
that 
A situation 
K Cl will more f1J.lly describe 
(Table 4) .  did not conclusive evi-
other certain 
\ve have no w::ry 
dying cell , 
to the 
the dead. 
be 
JO 
In considering the effect of pH cha�ges on the membrane , there 
is a complic ation that des erves some mention.  The al't<:aline a."'ld 
acid regions dernonstrated in phenol red are differently affected 
by external relation will V�J depending on the 
For example , v;e may assume the normal pH of the 
region outside the c ell is 5 for acid zones and . 9  for 
alka1inc z ones . A solution of pH 6 .  0 -vtould hr:.ve little 
on 
pH 
to 
be 
5 . 0 acid zone , but since the alkaline zone is 
an 
pH 7 . 0 
with an equal part of pH 6. 0 solution , 
s r�'Tie , but if 
zones 
a 
of 
in pH in 
Ca 
the 
pH 
1/4 
, as yet 
, we cannot be 
rd.eht 
are thought to 
of 
, 1967) . In 
relatively very 
large as 
31 
to Ei . The Em is therefore primarily that due to 
Ex. Referring to Table 7 ,  Ex "·;ou.ld correspond to 1 83 ::t 9 mV 
(me�'! of means for C a, C a-Hg , C a-Na solutions ) . The magni-
tude of this Em that it is . the hyperpolarized or non-
ionic equilibrium state discussed above .  . The effect of r<:+ in 
reducing this potential is confusing in light of a decreased 1(f' 
influx (2-3 times )  in as little as 0 . 25 wJv1 ca++(Hope , 1963) . 
Cl- fluxes vrere not made in high C a  solu� 
, but be especially e:1"'1�ightening in analyzing 
the of the Ca-K solution. 
to a 
to 
an 
The 
source of 
1969) 
and 
the 
of light 
to 
dark on the 111-n were only 
.increase 
if 
, 1'7 as used with 
little or no response 
may be 
light 
that a H+ extrusion 
in Kb .  
cccv . .rs in 
d�k was recorded in Ez 
a direct 
ionic relationship bet"�-Ieen chloride and phosphate influx. 
Phosphate influx is enhanced in proportion to the amount of 
chloride in solution. In Ez , phosphate and chloride are both 
present . In the dark , with addition of the phosphate , a statis-
ticru.ly significant depola..�zation is measured. Records also 
indicate a series of action potenti als as the depolariz ation 
32 
is taking place . This depola.rization does not occu.:r in phosphate-
free media. In light of the knm·m invol vemcnt of chl�oride 'td th 
the action pot�::.1ntial ,  it may be that phosphate has some relation 
to chloride efflux also ,  although there is no experimental basis 
for this 
of H+ in the light-dark is suggested in 
'View of in the acid ex-
, 1 969) . It 
pH of 
6 . 2 . The capacity of POL{.-
be 
influ..x 
of of 
sourc e or · the 
Ion 
this study i s  
is characterized 
. by a unique combination of metabolic and ionic factors . The 
extremes seem to be ch.n.rzteterized by a high potential ,  greater 
than - 180 mV , a 1net�bolic component , theoretically an 
electrogenic � sets the level of pctential ,  and a lovr poten-
33 
tial ,  less than -70 mV Hhere a combination of passive fiu;<es of 
�. K+ � and Cl- · control Br11• Findlay , et al ,  ( 1969) have suggested 
a similar . ., "" "' �·,�·· ' • ''""' ·Hi th four przysiological states based on 1C" and 
Cl- fluxes to light . Hore intensive 
of ion . ., ..., .... � � ·· '"' ·  ........... � ... ,., �nth potential meast1rements are ncceSSal,""'!J 
future investigation of the complicated control of membrane 
proposed 
the active H+ extrusion mechanism 
( 1968 ) and Spe ar ,  et al ,  ( 1 969) . Results are pre-
in terms of the Sla;yma.tl ( 1965 ) o.f a membrane circuit with 
ionic components .  pH ,5 .. 0 a .59 mV change in potential 
per ten-fold change in nr� observed indicating that ion movement is 
non-functional. Apparent 
to H+ ;;:•eems to incre ase as pH increa;Se,s . In 
graatly increased and 
alone . Em in 
Dark P04 
, a depolariza-
POl} Cl 
regions 
C1 is sug-
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